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TEMPERATURE PATTERNS *
JOHN T. CRISSEY, M.D., EDWIN GORDY, M.D., J. L. FERGASON, B.S.t
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The technical difficulties in the measurement of
skin temperature patterns are well known. The
purpose of this report is to outline a new technic
for the demonstration, quantitation, and photo-
graphic recording of these patterns by the applica-
tion to the skin of liquid crystal solutions.
Liquid crystals constitute a class of matter
unique in exhibiting the mechanical properties of
liquids, and the optical properties of solids. Cer-
tain of these substances, particularly derivatives
of cholesterol, have the ability to scatter circularly
polarized light in such a manner that under white
light they exhibit iridescent colors which vary
with the substance, the temperature, and the
angle of the incident beam. One of the authors
(J.L.F.) has recently published the results of ex-
tensive studies on the physical-chemical nature of
the cholesteric liquid crystal state (1, 2) and has
developed methods for adjusting the temperature
response ranges of liquid crystal mixtures by vary-
ing the proportions within the mixtures of a num-
ber of cholcstcric substances. The temperature-
wavelength curve for one such mixture is shown in
Figure 1. The technic reported here is an adaption
of this basic work to the problem of recording skin
temperature patterns.
METHOD AND DEMONSTEATION
To absorb all light except that scattered by the
liquid crystals, a simple water solution of carbon
black is first applied to the skin area to be studied
and allowed to dry. When a solution of liquid
crystals with a suitable temperature sensitivity
range is applied over this, a brilliant array of colors
appears within a few seconds. The coolest areas
arc red, and as the temperature increases, the
colors progress through yellow and green to blue
and violet. Beyond the scale in either direction the
field is black. These changes occur with negligible
time lag, and are reversible almost indefinitely.
Isothermal patterns can now be demonstrated by
photographing the area through a narrow band
interference filter using a light source rich in wave-
lengths transmitted by the filter. The readily
available Hg green (546 millimicrons) filter is con-
venient, since the light it transmits lies in the
* From the Department of Dermatology, Ros-
well Park Memorial Insitutc, and the Department
of Dermatology, State University of New York at
Buffalo, New York.
t Senior Physicist, Westinghouse Electric Cor-
poration, Research and Development Center,
Pittsburgh, Pa.
Received for publication May 12, 1964.
center of the visible spectrum, allowing for shifts
in either direction.
When the technic is to be used not only to
demonstrate patterns, but to measure accurately
the temperature existing within the pattern, some
attention must be paid to the geometric relation-
ships of the setup. The color scattered to the lens
of the camera depends not only on the tempera-
ture, but on the angle of the light source, and the
angle of the axis of the lens with respect to the
surface of the skin. Since the temperature-wave-
length curves for the liquid crystal mixtures arc
derived from normal incident lighting (source
perpendicular to the skin), a correction in wave-
length must be made before the temperature can
be read with greatest accuracy from these curves.
This correction is made by applying an experi-
mentally verified correction factor. The wave-
length of maximum reflection as a function of
angle for a constant temperature is given by:i 1 . . — 1X = lot cos - sin sin i-:-sin2 15
where:
X = Wavelength of maximum scatteringlot = Wavelength of maximum scattering for
normal incidence and observation
= The angle of incidence
= The angle of reflection
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FIG. 2A. Dorsum of the hand. Large rectangle shows the area included in 2B and 2C. Smaller rec-
tangle shows the area included in 3D.
FIG. 2B. Initial observation. Depressed areas between venous structures exist in part at 32.6° C.,
and record as white.
FIG. 2G. As cold air is blown over skin surface, areas recorded in 2B drop below 32.6° C. and are no
longer visible. Surface over venous structures has dropped to 32.6° C. and now records as white.
FIG. 2D. Enlargement from 2B showing resolution possible. Dermatoglyphics stand out clearly. The
sharply marginated oval structure in the center of the field is a minute lentigo, scarcely visible in 2A.
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This is the general case. A convenient angle for
light source and lens axis is 45°.
In Figure 1, the correction for = = 45° is
shown plotted with the curve for normal incidence.
For this ease X = 0.882 Xii.
If we alloww + = 90°but allow the individual
angles to vary we have a small shift in this factor;
for instance if 'Pi = 39° and '2 = 60° X = 0.887 X,,
This difference will generate less than 0.05° C.
error in the temperature measurement, so that the
angle between light source and camera is the most
important geometrical factor.
When these criteria are met, only those areas
within the experimental field which reflect wave-
lengths transmitted by the filter will be recorded
on the film, and a comparison of negative densities,
or white areas on the positive print, with the tem-
perature curve of the mixture used will indicate
the temperature which existed within these areas
when the photograph was made. The precision of
the measurement will be a function of the width
of the transmission band of the interference filter.
By using different filters, and/or changing the
reaction range of the mixtures, all points existing
at any temperature can similarly be recorded.
Temperature patterns photographed in the
manner described are shown in Figure 2. From the
intercepts of the interference filter transmission
band shown in Figure 1, it will be seen that each
white area recorded represents 32.6° C. Through
cine-photography, and time-lapse cine-photog-
raphy, pattern changes are easily recorded,
greatly extending the usefulness of this technic
in many experimental situations.
niscussiox
This technic offers many and varied biologic
applications. It can be used as an alternative to
the infra-red scanning procedures which have
been used in the localization and diagnosis of
human neoplasms. It may offer a flexible indicator
in pharmacologic studies of drugs which affect
vascular structures, and might prove useful as an
aid to the evaluation of the peripheral blood ves-
sels. Several applications to the study of plant
physiology are apparent. It is suggested that this
technic may prove to be useful wherever the tem-
perature pattern of a comparatively dry surface
is of interest to the investigator.
sUMMARy
1) The color of mixtures of liquid crystal sub-
stances varies with temperature.
2) Temperature patterns of skin areas to which
mixtures of liquid crystals have been applied can
be demonstrated and quantitated by photograph-
ing through interference filters.
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